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The ability of many animals to camouflage themselves against
a background is a well-known daytime phenomenon. Now it has even
been found to occur at night, highlighting the reality of nocturnal visual
predation.Eric J. Warrant
Very few people fail to be amazed
by the remarkable ways in which
animals camouflage themselves,
and in scientific circles, entire
books have been written on the
subject [1–3]. To have a body
whose form is similar to a leaf or
a stick in order to be hidden against
a background of foliage, or a body
whose patterning and colouration
blends into the background, is
a widespread evolutionary trick for
fooling potential predators into
believing that the objects they are
viewing are actually something else
and, more importantly, inedible.
Most known examples of
camouflage involve its use during
daylight hours. Even though this
partly reflects the diurnal habits of
scientists, it also reflects the fact
that visual predation is easier and
more common in bright light. Not
surprisingly, elaborate camouflage
mechanisms are widespread in
prey animals that need to conceal
themselves during the day.
Nocturnal camouflage colouration
does occur (for example [4]), but
there has been no demonstration
of camouflage patterns tailored
to different backgrounds at
night — until now, that is. In a
recent study, Roger Hanlon and
colleagues [5] have discovered
active nocturnal camouflage in the
giant cuttlefish Sepia apama,
a species of cephalopod that lives
in the temperate coastal waters of
southern Australia. This findingsuggests that cuttlefishes are the
victims of active visual predation at
night, which has implications for
the visual powers not only of the
predator, but also of the cuttlefish
itself, which must use its visual
system to match its body
colouration to that of the substrate.
In the world of camouflage, few
animals are more impressive than
cephalopods. Many species have
almost magician-like abilities to
disappear, changing the shape,
colour and patterning of their
bodies, often at breathtaking
speed, to near-perfectly match the
substrate upon which they sit [6].
This ability is due to the presence
of specialised organs in the
integument known as
chromatophores. These organs,
densely distributed within the
dermis, contain an internal
sacculus filled with pigment
granules of a specific colour,
typically yellow, orange, red or
black. A change in skin colour is
produced by a muscular
contraction or expansion of the
sacculus that respectively
concentrates or dilutes the
pigment granules. The
sophistication of the colour change
is often enhanced by the presence
of iridophores, multi-layer stacks of
thin protein platelets that alternate
with layers of cytoplasm. These lie
directly beneath the
chromatophores and produce
brilliant iridescent structural
colours that shine through the
pigment granules above.Unlike the chromatophores of
crustaceans, which are under slow
hormonal control, those of
cephalopods are under neural and
muscular control. The movement of
pigment can thus be extremely
rapid and, for a human observer,
colour and pattern changes may
seem almost instantaneous. Some
cuttlefishes even have the ability to
produce bands of colour that move
across the body surface, an
amazing spectacle for those
fortunate to see it. These rapidly
changing, or ‘acute’ [7,8], patterns
are often highly ritualised and are
a common feature of aggression
displays [6]. ‘Chronic’ patterns
[7,8], in contrast, may be held for
hours or even days, and are typical
of camouflage patterns during rest.
The repertoire of chronic body
patterns that cephalopods can
produce seems almost as varied as
the substrates upon which they rest.
This repertoire essentially spans
between two extremes, from
‘uniform’ (Figure 1A) to ‘strongly
disrupted’ (Figure 1C) [9]. A finely
stippled uniform pattern is likely to
be adopted by a cephalopod resting
on an even sandy substrate,
a pattern that matches both the
colour and intensity of the sand. On
a much more complicated
substrate, say one consisting of
stones of variable colour and size,
the cephalopod is likely to produce
a strongly disrupted pattern of
variably sized dark and light
squares, bars and bands. On
substrates of intermediate
complexity, ‘mottled’ patterns
are produced that consist of light
anddark blobs of variable shape and
size that roughly correspond to the
particlesof thesubstrate (Figure1B).
Cephalopods achieve this
remarkable pattern matching
visually [10–14]. Even though
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Figure 1. Camouflage patterns in cuttlefishes.
In cuttlefish, exemplified here by Sepia officinalis, camouflage patterns can be uniform
(A), mottled (B) or strongly disruptive (C). These patterns are controlled visually: when
placed on a checkerboard pattern consisting of black-and-white squares with high ach-
romatic contrast (D), the cuttlefish Sepia officinalis can easily see this pattern and
thereby produce highly disruptive camouflage colouration. When the squares present
only chromatic contrast, in this case via equiluminous blue-and-yellow squares (E),
the cuttlefish’s monochromatic visual system fails to see any contrast in the pattern
and no disruptive colouration is produced. The giant Australian cuttlefish Sepia apama
is well camouflaged on the sea floor at night (F), with a broad repertoire of camouflage
patterns, many of which are continuously disruptive (G). Images in panels (D,E) and
(G) reproduced with permission from, respectively, [13] and [5]; image in (F) courtesy
of Justin Marshall; all other photographs kindly provided by R.T. Hanlon.almost all cephalopods are
monochromatic, with a single class
of photoreceptor and a single
visual pigment — which in the
cuttlefish Sepia officinalis absorbs
maximally at 492 nm [13] — they
are nevertheless capable of
visually gauging the sizes and
intensity contrasts of objects in the
substrate and rapidly producing
the appropriate body pattern to
match it (Figure 1D,E). This requires
advanced eyes and significantvisual processing power, which
cephalopods certainly posses [6].
Cephalopod eyes are of the camera
type, like our own, and are large
with high resolution. Moreover,
their optic lobes are enormous, and
contain a sizeable fraction of the
neurons in the brain.
Camouflage is an evolutionary
response to visual predation. Not
surprisingly, most observations of
cephalopod camouflage, such as
seen in cuttlefishes, have beenmade during the day when
sharp-sighted diurnal predators,
like fishes and dolphins, have
maximal visual prowess in the
brightly lit waters. The bright light
also favours cuttlefishes — visual
discrimination of substrate
features, and the control of body
patterning, is at its most reliable
under bright light. But when light
levels fall as night approaches,
vision becomes less and less
reliable [15,16] and so too should
camouflage. This is why the new
observations from Sepia apama [5]
are so interesting.
Each year, in shallow waters off
the South Australian coast near
Whyalla, the cuttlefish Sepia
apama aggregates in huge
numbers to spawn [17]. During the
day, individuals engage in vigorous
sexual displays, but as light levels
fall they settle to the bottom and
become sessile, adopting a body
patterning that best matches them
to the rocky substrate (Figure 1F)
[5]. Like other cuttlefishes, Sepia
apama is particularly adept at
camouflaging itself against
backgrounds, with a broad body
pattern repertoire ranging from
uniform to highly disrupted [5]. The
latter patterns, moreover, can be
either ‘continuously’ or
‘discontinuously’ disrupted [3].
Discontinuous patterns, consisting
of variably sized and randomly
placed patches of dark and light
colour, break up the outline of the
body, allowing it to blend more
easily into the background.
Continuous patterns also consist of
variably sized patches of colour,
but in contrast, these are anything
but randomly placed. Instead, the
patches of colour — say, a dark
band or a bright splotch — are
placed to provide an unbroken
continuation of a similar dark
band or bright splotch in the
substrate, a particularly effective
way of making the body outline
disappear (Figure 1G). Amazingly,
in Sepia apama, all this is
achieved at night.
The discovery that Sepia apama
is capable of elaborate nocturnal
camouflage has two important
implications. The first is that there
must exist one or more nocturnal
predators with sufficient visual
power to find a cuttlefish at night.
Candidates include bottlenose
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kingfishes, snappers and mulloway
[5]. The latter two are reputed to be
active nocturnal predators, but no
careful studies have been
performed to confirm this. The
second implication is that the
cuttlefish itself, in order to drape
its body in the right disguise, must
be able to reliably see the details of
the substrate at night. Certainly,
the eyes of this cuttlefish are large
and probably very sensitive, but
again, experimental data are
lacking. Nonetheless, despite our
fragmentary knowledge of Sepia
apama’s visual ecology, this new
discovery of nocturnal camouflage
suggests that night vision is
better than previously imagined,
a conclusion that has recently
come from many corners of the
animal kingdom [15,16].
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